The androgenic glands of the Paci.fie crayfish, Pacifastacus leniusculus trowbridgii Stimpson, 1859, were studied experimentally. and by light and electron microscopy. The androgenic glands proliferate in the spring of the year concurrently with an increase in mitotic activity in the ~estes. .Degeneration of a major portion of the glands occurs in the fall, when spermatogenic activity in the testes is near completion. Cellular development appears to progress from small undifferentiated cells through stages of vacuolization and hypertrophy and terminates with degeneration or lysis. The fine structure of the PORTlAND STATE UNMRSITY UBRARY vacuolated gland cells is indicative of increased metabolic activity and probable hormone secretion. However, experimental manipulation 2 of the glands of f • leniusculus gave no evidence of their presumed endocrine function. A discussion of the similarities of the androgenic glands with other known arthropod endocrine glands is also i~cluded.
INTRODUCTION
The androgenic glands of malacostracan crustaceans are epithelial endocrine glands which are the source of a hormone that is involved in the differentiation and maintenance of the primary and secondary sex characteristics of male animals (Charniaux-Cotton, 1960 and and Charniaux-notton and Kleinholz, 1964) . First discovered in the amphipod, Orchestia gammarella (Charniaux-Cotton, 1954) , the androgenic glands have since been identified in all major groups of malacostracan crustaceans (Charniaux-Cotton et al., 1966; and Zerbib, 1967) . The location, morphology, and histology of the androgenic glands in various malacostracan groups has been reviewed by Charniaux-Cotton et al., 1966 , and a number of ultrastructural studies of the glands have been reported (King, 1964a and 1964b; Meusy, 1965; Malo, 1970; Malo and Juchault, 1970; Payen et al., 1971; and Payen, 1970 and 1972) .
The purpose of this study was to describe the morphology, histology, and fine structure of the androgenic glands of the Pacific crayfish, Pacifastacus leniusculus trowbridgii Stimpson, 1859, and to undertake a series of extirpation-implantation experiments using androgenic gland tissde, in order to determine the function of these glands.
There is substantial evidence of the endocrine function of the androgenic glands in amphipods and isopods (Charniaux-Cotton, 1954 , and 1965 ~atakura, 1967; and others) , but evidence of gland function in the decapods is not as well documented. Studies of decapod androgenic gland function, using extirpation-implantation techniques, have been reported for both hermaphroditic (Charniaux-Cotton, 1959) and gonocooristic species (Puckett, 1964; Payen, 196d and 1969; and others) •. Previous studies of the androgenic glands of various crayfish species have dealt with; gland vascularization (Graf, ~962) , giand function (Puckett, 1964) , and gland morphology and histology (Carpenter and deRoos, 1970) . King, 1964b , has described the fine structure of degenerating cells in the glands of Pacifastacus.
2 REPRODUCTIVE CYCLE AND SEXUAL DIMORPHISM IN PACIFASTACUS Mason, 1963, has Os04 in an ice bath. Tissues were dehydrated.in an ethanol series and embedded in Epon (Luft, 1961) . Sections were cut on a Porter-Blum Ultramicrotome using glass knives. One micron sections were stained with Richardson's stain (Richardson~ al., 1960) and with 1% basic fuchsin. Thin sections were picked up on uncoated 300 mesh copper grids, stained with uranyl acetate and lead citrate, and viewed with a Zeiss EM 9S-2 electron microscope.
Experimental Methods
Removal of the androgenic glands was accomplished as follows:
Animals were anesthesized with co 2 and secured to cork pinning boards ventral side up. The coxapodites of the fourth walking legs were then disarticulated from their connections with the ventral and branchial regions of the thorax and pulled away from the animal. This procedure exposed the sperm ducts which were cut with iridectomy scissors. The coxapodites were placed in crayfish saline (van Harreveld, 1936) , and the terminal region of the sperm duct and its attached androgenic gland were then removed from the coxapodite. The wounds produced by the removal of the coxapodites were cauterized and covered with warm paraffin.
The operated animals were allowed to recover from the operative pro-6 cedure in individual recovery tanks, and were returned to the appropriate experimental tank after a su.fficient recovery period. Control animals were subject to t.b.e same operative procedures as the experimental animals except that the coxapodites of the ·third walking legs were removed.
Androgenic gland t.issue was implanted in females that varied in size from lS to JO nun carapace length. The gland t.issue was implanted in the ventral abdominal sinuses through small incisions in the ventral exoskeleton. The incisions were sealed with warm paraffin. Females were not anesthesized, but were allowed a period or post-operative recovery in individual recovery tanks before being returned to experimental tanks. Female controls were given implants 0£ muscle t.issue from the third walking legs of male crayfish.
Androgenic glands were also implanted in:to the thoracic cavity of some females using.the following method: Androgenic gland tissue recently removed from the coxapodites of male crayfish was drawn into 1/2 cc glass syringes along with 0.2 ml of crayfish saline. An 16 gauge hypode~c needle was attached to the syringe and t.he contents of the syringe were injected into the dorsal thoracic cavity, through the connective tissue which separates th~ thorax from the abdomen. This method minimized the loss of hemol;ymph and appeared to cause less shock • to the animal than the previous method. Injected animals were then allowed a period of' recovery, and were returned to experimental tanks.
Operated animals were observed regularly and at various intervals were sacrificed and examined histologically. reasonably distinct stages which correspond roughly to the seasons of the year. In the late fall and winter months, following copulation, the testes contain a minimum nwnber of ge:rm cells and in most animals appear to be in a disorganized, nonfunctional state. Spermatozoa, and the mucous-like secretion of the epithelial lining of the collecting tubules, are occasionally found in the .testes of mature cr~fi.sh captured after the copulatory period. However, copulation or the discharge of sperma~ozoa was not observed in any of the natural stream populations in the months following the normal copulatory period. During the later phases. of the post-copulatory period, mitotically dividing germ cells are observed with increasing frequency, and a gradual reorganization of the testes tissue occurs. In the spring, March to May, testicular activity increases. Numerous mi totically di vi ding germ 8 cells are observed, and the size of the testes increases measurably in most animals (Fig. 2 ). Meiotic cell division is 1'1.rst observed in the (Table I) .
Androgenic gland tissue is difficult to locate in animals captured <i.uring the winter months. In these animals, the glands appear as small strands of tissue situated at the periphery of the sperm duct musculature ( Fig. 4 ). Gland cells are small, 4 to 7 niicrons, with irregularly shaped nuclei. Sm~ll dense masses of chromatin are located throughout the nuclei of these cells. Mitotic figures are not observed, and cell boundaries are indistinct at this time of year.
Beginning in early spring, the androgenic glands are found in a majority of captured animals. Proliferation of the glands occurs at this time, and gland tissue is often observed as parallel and anastomosing strands of cells in the loose connective tissue of the coxapodites. Strands of gland tissue in sheet-like masses are also found near the muscular sheath of the sperm ducts. Individual strands of cells are surrounded by a thin layer of connective tissue, ·which is 13 also interspersed among the gland tissues in'layer-like arrangements.
The diameter of gland cells from animals captured in the spring is generally 2 to 5 microns larger than that of cells from winter animals, and the increase in gland size during this period is probab~y due to cell growth (Fig. 5 ). As spring progresses, dividing cells are observed in the larger strands of gland tissue. Cell division often occurs simultaneously in all the cells of a single strand of tissue) but Illitosis is occasionally observed in single gland cells located in the connective tissue of the gland mass. Small number of cellular strands in muscle and connective tissue of sperm ducts.
Undifferentiated cells in small diameter strands. yea:r, strands of cells differing structurally are observed in the glands. Structural variation in neighboring strands of cells is most often observed in the glands of late premoult animals.
The cellular developmental cycle, in the glands of ~· leniusculus, appears to be initiated in early spring (Table II) I 18 chondria with transverse cristae (Fig. 7 ). In addition, extensive fields of agranular endoplasmic reticulum are observed, often surrounding vacuoles of various size. The nuclei of these cells are often pear-shaped with densely staining peripheral chromatin and a single, more centrally located nucleolus. In non-localized regions, the periphery of the nucleus is scalloped in appearance, with numerous closely spaced indentations. Cell membranes, with numerous infoldings, are usually distinct, and electron dense regions between neighboring membranes are connnonly encountered. As mentioned above, vacuoles are often associated with fields of agranular endoplasmic reticulum. In some region~ of these cells, however, vacuoles appear to be closely associated with swollen distorted mitochondria. The vacuoles are of varying size and shape in these cells. Smaller, spherical vacuoles are usually membrane bound and located in intracellular regions. Larger, irregularly shaped vacuoles lack membranes, and often extend into the cytoplasm of adjoining cells.
In cells undergoing extensive vacuolization, a number of unique structures are observed (Fig. 8 ). Larger vacuoles, up to 5 microns in diameter, are often surrounded by layer-like arrangements of electron dense, agranular membranes. The cytoplasm immediately surrounding these electron dense membranes is often filled with small tubular and sµherical vesicles. Electron dense, membrane bound granules, characteristic of Golgi systems, are not encountered in these cells. Mitochondria are characteristicly swollen and distorted, and in various phases of vacuolization. Spherical clusters of membranes, in concentric layer-like arrangements, are also found in these cells. These . . 19 multi-lamellar bodies are similar in size to the sµherical mitochondria but lack an electron dense matrix. 
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III. EXPERIMENTAL RESULTS
Androgenic Gland Extirpation
Androgenic glands were removed from male crayfish ranging in size from 18 to 40 r:un carapace length. Crayfish of this size range include those in their second through fourth years. Glands were removed from two groups of crayfish during the spring and late sUJTUTier, and anim;ils were maintained for periods varying in length from 4 to 60 days. Mortality rates for operated males were relatively high, 20%, with death usually occurring in the first post-operative day. 3urviving animals recovered rapidly, and wound tissue was observed on the base of the excised coxapodi tes within 5 days. Moulting in operated and control animals occurred at approximately the same time. However, the moult cycle stage of controls from natural stream populations was found to vary from that of laboratory animals during both spring and l'lte summer.
In r~ost cases, the laboratory animals were found to be in an advanced sta~e of the moult cycle.
As desc~ibed previously, the testes of normal, spring animals contain numerous mi totically di vi ding germ cells, and by late spring meiotically dividing cells are observed. The sperm ducts of these ardmals h·ve a well developed epithelial cell lining, and the andro-' genie glands are ;Jroliferating (Table III) . The testes of experimental animals are similar to those of the controls. Germ cell activity is high, and meiosis is observed in animals sacrificed later in the spring. 3perm duct histology is much like that.of the controls except thnt in 26 some.operated animals the tissue adjacent to the surgical site undergo degeneration. Tissue in degenerating regions contains nwnerous granular hemolymph cells and layers of dense, brittle material. Degeneration of the ducts of experimental males is observed to proceed from the severed end of the duct toward the more proximal regions. Degeneration of sperm duct tissue occurred in onl;r a small percentage of operated animals, and it probably was caused by infection or mechanical damage from the operative procedure. Differences in the behavior of operated and control animals were not observed.
The testes of animals captured in late summer contain germ cells in the later stages of spermatogenesis, and spermatozoa are found in the collecting tubules of most animals. The sperm ducts of most control animals have an actively sec~eting epithelial cell layer, and androgenic gland volume is at its maximwn. Experimental animals exhibit similar histological features, with few exceptions. Spermatozoa are found in the collecting tubules of some animals, and the sperm ducts of these animals contain secretory material. The testes of some 27 Androgenic Gland Implantation Two. groups of female crayfish, 17 to 30 mm carapace length, received androgenic gland implants during the spring and late summer.
Each female was implanted with a pair of androgenic glands, the full gland complement of a normal male. Animals were maintained for periods of up to 60 days. Mortality rates for operated females were lower than for experimental males. Five percent of the operated females were lost due to the operative procedure or other causes during the course of the experimental period. As with the males, moulting in operated females .
was similar to that of controls. During the spring, implanted gland tissue removed from female re-ci~ients was observed to be similar to gland tissue from normal males.
Xasses of gland tissue consisting of cellular strands were recovered from a number of experimental females. The implanted muscle tissue from control females also appeared normal when compared to muscle tissue from unoperated controls. In some females, however, the implanted 5land tissue was invaded with granular hemolymph cells and tissue -28 deeeneration was apparent (Table III) . Implanted gland tissue could rarely be identified in late summer experimental animals. When found, implanted tissue consisted of masses of cells with pycnotic nuclei, diffusely staining cytoplasm, and indistinct cell boundaries. This tissue was often surrounded by dense, brittle concretions, and contained numerous granular hemolyroph cells. Swnmer ---------------veloping ova present.
Experimental Females Late
Recovered glands de-Same as above.
17-JO mm c.l.
Summer generated. Invaded with hemolymrh cells.
No differences in pleopod morphology or behavior af"ter moulting• Some evidence of an immune response to implanted tissue. (Table III) . Since androgenic gland removal has been shown to cause a decrease in germ cell division and a cessation of spermatogenic activity in some amphipod and decapod species (Charniaux-Cotton, 1955; Puckett, 1964) , the possibility exists that gland removal in~· leniusculus was incomplete or was carried out during post critical periods of the reproductive cycle.
DISCUSSION
Although a nwnber of gland implants were maintained successfully in female recipieQts, no effects on ovarian histology or female secondary sex characters were noted (Table III) . Previous studies of decapod glands; using implantation techniques, have shown that implanted glands are capable of inhibiting vitellogenesis, and also of having a masculinizing effect on female recip~€nts (Payen, 1969; and others) .
Puckett, however, noted no changes in the ovaries or secondary sex . Jl characters of female crayfish which received implants of both testes and androgenic glands (Puckett, 1964) . Since female P. leniusculus were, implanted with two glands, the full male complement, the lack of observabl.e results could be due to an insufficient quantity of actively secreting gland tissue,. or to implants of tissue in a nonsecretory phase. The experimental results are further complicated by the possibility of an immune response to the implanted gland tissue. Implanted gland tissue was often invaded with granular hemolymph cells and surrounded by layers of dense brittle material, especially in females nearing maturity. In addition, it is possible that tissue differentiation, in the experimental females, had proceeded beyond the ~tage of being capable to respond to the maaculinizing, androgenic hormone.
Although experimental studies of the androgenic glands of f · leniusculus yielded little information concerning gland function, the tissue and cell structure of the glands is indicative of a yearly pattern of activity and secretion. A comparison of androgenic gland tis-, sue and cell structure with reproductive morphology and activity gives the following information (Table I) , 1966; Carpenter and deRoos, 1970; ?ayen, 1972; and others) , and has been cited as evidence of the secretory nature of t~ese glands (King, 1964a) . In addition, the presence of degenerating cells in non-localized regions of supposedly functional glands has been considered by some to indicate a holocrine secretory process (Charniaux-Cotton, 1960; Tcholakian and Reichard, 1964; and others) . Holocrine secretion, however, has not been confirmed by histochemical or ultrastructural studies (King, 1964a; Hoffman, 1969; and Payen, 1972) .
Since gland proliferation in P. leniusculus coincides with the Structurally similar cells have been described in the glands of a number of malacostracan species (Charniaux-Cotton et al., 1966; Hoffman, 1~69; and Carpenter and deRoos, 1970) , and have previously been ob-33 served in the glands of Pacifastacus (King, 1964b) • . cells of this type are common in the glands of the crayfish, Orconectes nais, at the time of the moult from the sexually inactive form to the active sexual form (Carpenter and deRoos, 1970) .
The cellular fine structure of various malacostracan glands has been reported to be similar to that of known protein synthesizing and • secreting cells (King, 196ua; Meusy, 1965; and Malo and Juchault, l; l(O) . However, certain features of protein secreting cells are lacking in the gland cells of P. leniusculus. Electron dense Golgi bodies and vesicles, and membrane bound protein or polypeptide granules are not ?resent in the cytoplasm of gland cells during active phases of development, both of which are characteristics of known protein secreting cells (King, 1964a) . Furthermore, granular endoplasmic reticulwn, which is a diagnostic feature of protein synthesizing cells, is never abundant in the gland cells of P. leniusculus.
Although androgenic gland cells do not resemble known vertebrate steroid secre.ting cells, certain features of the glands are similar to those of arthropod endocrine glands thought to be involved in the s:rnthesis and release of lipid hormones. The insect prothoracic glands and the crustacean Y organs, which are thought to be the source of steroid moulting hormones, and the insect corpora allata, which are the source of the lipid Juvenile Hormone, have been observed to undergo cyclic changes in cellular structure that can be correlated with hormonal activity. Increased secretory activity in all of these glands corresponas with an increase in cytoplasmic vacuolization, nuclear irregularity, and an increase in the nwnber of organelles such as mitochondria (Gabe, 1953; Waku and Gilbert, 1964; Scharrer, 1964; and Herman, 1967) . Similar processes are observed in the glands of~· leniusculus, especially during the proliferative phase in late spring.
This suggests not only a similarity of the secretory processes, out also that the androgenic gland hormone is lipid in nature.
Although the vacuolar contents of the gland cells of P • . leniusculus were not identified, lipid vacuoles have been described in the hypertrophied glands of the crabs; Carcinus maenas, Callinectes sapidus, and Rithropanopeus harrisii (Meusy, 1965; Payen et al., 1971) .
Further evidence of the lipid nature of the androgenic gland hormone · has recently been reported (Berreur-Bonnenfant et al., 1973) . These 35 wor~ers have extracted and partially purified a biologically active factor from the androgenic glands and hemolymph of the crab, Carcinus maenas. The active factor, which is in the lipid fraction of the extract, is capable of inhibiting vitellogenesis in the ovaries of Orchestia •.
Thomsen ·and Thomsen, 1970 , have suggested a working hypothesis for the synthesis and release of the lipid Juvenile Hormone, and it is possible that these processes occur in the same manner in the androgenie glands of f • leniusculus. These authors hypothesize that the· .
.
Juvenile Hormone is synthesized in the agranular endoplasmic reticulum and collected in membrane bound vacuoles. They also suggest that dissolution of the vacuolar membranes will result in the formation of lipid droplets in the cytoplasm, which subsequently will be relea~ed to intercellular spaces and the hemolymph (Thomsen and Thomsen, 1970) .
The androgenic glands are similar, in that vacuolization occurs in cells with large amounts of agranular endoplasmic reticulUJll and numerous w.itochondria. Furthermore, cellular vacuolization is at a maximwn when spermatogenesis is occurring in the testes, a time at which the androgenic hormone titer would be expected to be high •
